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I n daily practice, most pathology laboratories process skinbiopsy specimenswithout access to the clinical and/order-moscopic images. Inpigmented skin tumors, this informa-
tion can be crucial to process and diagnose the lesion cor-
rectly. Ex vivo dermoscopy (EVD) was first introduced as a
valuable tool in dermatopathology by Scope et al,1 who com-
paredEVDand invivodermoscopy (IVD)of7 lesionsand found
that EVD reduced errors by aiding selection of areas in which
to perform step sectioning. Amin and Fraga2 reviewed 517 bi-
opsy specimenswith EVD andhistopathologic correlation. In
their study, most features observed in IVD images were also
present inEVDimages. In72%of theambiguous lesions,amore
definite diagnosiswas assigned after reviewwith theEVD im-
age. In 7.7%of cases, the sectionmarginswere reclassified af-
ter reviewing theEVD image. Thus, support for theuseofEVD
for diagnosis and clinicopathologic correlation exists.
With increasingly smaller diameter lesionsundergoingbi-
opsy, the focal changesareonlyvisiblewithdermoscopy; there-
fore, communication of this dermoscopic information to the
pathologist is important. In many dermatopathology labora-
tories, this communication is often insufficient or totally ab-
sent, and one can presume that these suspect areas are often
missed with the standard random sectioning technique that
examines less than2%of thetissue.3Somesurgeonsmarkareas
of interest for the pathologist with a 1-mm punch or use su-
turemarking to direct the pathologist to these suspect areas.4
However, in our experience, these methods are not satisfac-
tory because they create a disturbance artifact in the tissue
specimen. In combination with marking specific and sus-
pected lesionson thebiopsy specimenwithnail varnish (derm
dotting),5EVD isa simpleandeasymethod thatbrings this cru-
cial information to the pathologist and in the slides to be ex-
IMPORTANCE Ex vivo dermoscopy (EVD) can be a valuable tool in routine diagnostic
dermatopathologic evaluation.
OBJECTIVES To compare in vivo dermoscopy (IVD) and EVD and to provide guidance for
routine dermatopathologic evaluations.
DESIGN, SETTING, AND PARTICIPANTS This observational study collected 101 consecutive IVD
and EVD images of skin tumors from a private dermatology practice fromMarch 1 to
September 30, 2013. Four observers (3 dermatologists and 1 dermatopathologist) blinded to
the histopathologic diagnoses independently scored and compared the colors, structures,
and vessels of EVD images with those of the corresponding IVD images. Data were analyzed
from January 1 to March 31, 2014.
MAIN OUTCOMES ANDMEASURES Concordance between the EVD and IVD images and gain or
loss of colors, structures, and vessels on EVD relative to IVD images.
RESULTS The final analysis included404observations of 101 images. TheEVD imagewas
generally similar to the corresponding IVD imagebut clearly darker,with newareas of blue in 130
of 404observations (32.2%) andwhite in 100of 404observations (24.8%) and loss of red in
283of 404observations (70.0%).Most structureswerewell preserved.Newstructureless
areaswere found in 78of 404observations of EVD images (19.3%), andnewcrystalline
structureswere detected in68of 404observations of EVD images (16.8%).OnEVD images,
squames and crustswere lost in 56of 404observations (13.9%) and43of 404observations
(10.6%), respectively. Blood vesselswere lost in 142 of 404observations of EVD images (35.1%).
CONCLUSIONS AND RELEVANCE The EVD image is an important new tool in dermatopathology
andmay give direction to targeted tissue processing and examination of skin tumors.
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amined.Thepracticalmethodandadvantagesof thisnewclini-
copathologic approach of dermatopathology have been
described elsewhere.5 Using this method, the exact morpho-
logic correlation of dermoscopic characteristics, such as ro-
settes, can be identified.6 In a recent study,7 dermdotting has
been used successfully as a marking system on mucosal tis-
sue, namely, in maxillofacial surgery.
Although several studies have compared IVD and
EVD,1,8,9 no systematic comparison by multiple observers in a
real-world community setting has been performed, to our
knowledge. Therefore, 101 EVD images of consecutive
tumoral skin lesions excised in a single dermatology practice
were scored independently for different dermoscopic colors,
structures, and vessels by 4 independent observers. We com-
pared the results of both techniques to define similarities and
relevant differences.
Methods
We included 101 consecutive skin tumors obtained fromapri-
vatedermatologypractice of 2ofus (K.V. andS.L.) fromMarch
1 to September 30, 2013 (Table 1). All lesions were docu-
mentedwith in vivo contact polarized dermoscopy (Dermlite
3; 3Gen, Inc) connected to a camera (PowerShot G11; Canon).
After fixation in 10% buffered formalin for 12 to 24 hours, we
(M.H., I.D.W., andN.D.) obtained contact exvivo images at the
dermatopathology laboratory with a digital camera (Nikon 1
series; Nikon) connected to a polarized dermoscope (Derm-
lite 3). The ethics committee of University Hospital Ghent ap-
proved this study. Because deidentified images and histo-
pathologic diagnoses were examined, the ethics committee
waived the need for informed consent.
The IVDandEVD images (JPEG)were scored separatelyby
3dermoscopy-experienceddermatologists (K.V., S.L., andL.B.)
and 1 dermatopathologistwith experience inEVD (M.H.). The
4 observers were blinded to the histopathologic diagnosis
(Table 1). The quality of each imagewas scored as good,mod-
erate, or bad by each observer. After elimination of 1 case
(scored as bad quality by all 4 observers), the scores of the re-
maining 101 IVD and EVD images were compared for signifi-
cant characteristics, with each observer blinded to the read-
ing of the others (McNemar test). All observations per
characteristic (all added scores by item by 4 observers) were
subtyped as concordant (no difference between the IVD and
EVD images) or discordant. The latter images were subtyped
as loss in EVD (ie, the presence of an item on the IVD image
but not on the EVD image) and gain in EVD (ie, the presence
of an item on the EVD image but not on the IVD image).
Data were analyzed from January 1 toMarch 31, 2014.We
calculated aκvalueper item.A significantdifferencebetween
IVDandEVDwasdefined as a significantMcNemar test result
in at least 2 observers andpreferentially in 3 or even4observ-
ers. In a secondphase, a similar analysiswasperformed in the
diagnostic subcategories of basal cell carcinomas (BCCs) (n =
31) and invasivemelanomas (n = 12). All statistical tests were
2tailed,andP < .05wasconsideredstatisticallysignificant.The
analyses were conducted in SPSS software (version 22; IBM).
Results
In total, we included 47melanocytic and 54 nonmelanocytic
lesions (Table 1).Foreachcharacteristic,404observationswere
registered.We found concordance in the presence or absence
ofa feature in 10 549of 13 736scoredobservations (76.8%)and
discordance in the remaining3187 scoredobservations (23.3%)
(Table 2).
Colors
Ingeneral, colors arewellpreserved inEVDcomparedwith IVD
images.BrownshowedconcordancebetweenEVDand IVD im-
agesin348of404observations(86.1%).InEVDimages,wefound
againofdarkbrownin72of404observations (17.8%) (2observ-
ers).AgainofblueonEVDimageswasseen in 130of404obser-
vations (32.2%) and a gain ofwhite in 100 of 404 observations
(24.7%)(3observersforboth). Incontrast, reddisappearedin283
of 404 observations of EVD images (70.0%) (4 observers).
Similar color differences existed for diagnostic subgroups,
especially in BCCs. A gain of brown in BCCs was seen in 22 of
124 observations (17.7%) and a gain of light brown in 24 of 124
observations (19.4%) (2 observers) (eTable 1 in the Supple-
ment). A gain of blue was present in 51 of 124 observations
(41.1%) (3 observers) and a gain of white in 41 of 124 observa-
tions (33.1%).We found a loss of red in 109 of 124 observations
(87.9%) (4observers).Amonginvasivemelanomalesions,again
ofwhitewasseen in17of48observations (35.4%) (2observers).
Table 1. Histopathologic Diagnosis of the 101 Included Skin Tumor Lesions
Type of Tumor No. of Cases
Melanocytic lesions 47
Congenital nevi 1
Clark or flat nevi 17
Light to moderate dysplasia 16
Severe dysplasia 1
Unna nevi 2
Miescher nevi 1
Acral nevi 1
Blue nevi 5
Spitz or Reed nevi 6
Lentigo maligna 1
Melanoma in situ 1
Invasive melanoma 12
Nonmelanocytic lesions 54
Dermatofibroma 6
Seborrheic keratosis 4
Solar lentigo 3
Angioma 2
Bowen disease 3
Invasive squamous cell carcinoma 3
Basal cell carcinoma 31
Superficial 7
Nodular 21
Infiltrative 3
Pilomatricoma 1
Molluscum contagiosum 1
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Lossof redwasseen in35of48observationsofmelanomacases
(72.9%) (3 observers) (eTable 2 in the Supplement).
Structures
Most structureswerewell preserved, and the concordance be-
tween EVD and IVD imageswas good,with a 95%CI of 0.50 to
0.77.Structurelessareasandcrystallinestructureswereobserved
more frequentlyontheEVDimages,withagain in78of404ob-
servations (19.3%) (4 observers) and in 68 of 404 observations
(16.8%)(3observers), respectively. InBCCs,crystallinestructures
were found on EVD images in 67 of 124 observations (54.0%).
Crustswere lost in 13of 124observations (10.5%) (3observers).
Vascular
Vessels were lost on EVD in 142 of 404 observations (35.1%),
which means that in 142 of 212 vessel observations on IVD
(67.0%), the vessels disappeared onEVD images (4 observers).
In70of212 IVDvesselobservations (33.0%), somevasculariza-
tionwaspreservedonEVDaslightbrown, interrupted,branched
or irregular linear structures (4observers).Hairpinvessels,dot-
tedvessels, andglomeruloidvesselsmoreoftenwere lost com-
pletely. InBCCs, invivovesselswere seen in 115of 124observa-
tions (92.7%), andthevascularizationdisappearedexvivo in76
of 115observations (66.1%),butpartialpreservationwasseen in
45of 115vesselobservations (39.1%) (3observers).Mostpreser-
vation occurred among the thicker branching vessels.
Discussion
Ingeneral,most structuresandcolorsobservedon IVDcanalso
be recognized on EVD, confirming earlier findings.1,2 In our
study,we foundageneral concordanceof 76.8%betweenEVD
and IVD images. Themost important differences between IVD
andEVD images concern the colors. In this comparative study,
red disappeared completely on EVD in 70.0% of the cases. In
BCCs andmelanomas, these percentages were even higher at
87.9%and72.9%, respectively.Malvehyetal9 also showedthat
Table 2. Results of Scored Characteristics in 101 Tumoral Skin Lesions
Characteristic
No. (%) of Observations
(N = 404)
κ
Value
No. of Observers
With Significant
McNemar Testa
Concordant
Observations
Loss
on EVD
Gain
on EVD
Black 350 (86.6) 23 (5.7) 31 (7.7) 0.65 1
Brown 348 (86.1) 14 (3.5) 42 (10.4) 0.21 2
Dark brown 310 (76.7) 22 (5.4) 72 (17.8) 0.49 2
Light brown 300 (74.3) 59 (14.6) 45 (11.1) 0.10 1
Blue 261 (64.6) 13 (3.2) 130 (32.2) 0.27 4
Red 118 (29.2) 283 (70.0) 3 (0.7) 0.01 4
White 277 (68.6) 27 (6.7) 100 (24.8) 0.35 3
Comedolike openings or milialike cysts 389 (96.3) 7 (1.7) 8 (2.0) 0.59 0
Blue ovoid nests 369 (91.3) 21 (5.2) 14 (3.5) 0.50 0
Red-blue lagoons 395 (97.8) 8 (2.0) 1 (0.2) 0.51 0
Network 352 (87.1) 35 (8.7) 17 (4.2) 0.66 1
Branched streaks 351 (86.9) 34 (8.4) 19 (4.7) 0.64 1
Globules and dots 328 (81.2) 31 (7.7) 45 (11.1) 0.57 1
Structureless areas 304 (75.2) 22 (5.4) 78 (19.3) 0.25 3
Crystalline structures 299 (74.0) 37 (9.2) 68 (16.8) 0.46 2
Yellowish globular structures 403 (99.8) 1 (0.2) 0 0.75 0
Strawberry pattern 390 (96.5) 14 (3.5) 0 0.35 1
White circles 390 (96.5) 9 (2.2) 5 (1.2) 0.24 0
Ulceration 383 (94.8) 16 (4.0) 5 (1.2) 0.35 0
Squames or keratin 318 (78.7) 56 (13.9) 30 (7.4) 0.32 0
Crusts 345 (85.4) 43 (10.6) 16 (4.0) 0.42 2
Pseudonetwork 388 (96.0) 13 (3.2) 3 (0.7) 0.56 0
Hyperpigmented follicular openings 395 (97.8) 8 (2.0) 1 (0.2) 0.71 0
Annular granular pattern 399 (98.8) 5 (1.2) 0 0.58 0
Rhomboidal structures 398 (98.5) 5 (1.2) 1 (0.2) 0.77 0
Peppering 380 (94.1) 7 (1.7) 17 (4.2) 0.63 0
Brainlike or fingerprint appearance 395 (97.8) 7 (1.7) 2 (0.5) 0.36 0
Vessels 252 (62.4) 142 (35.1) 10 (2.5) 0.25 4
Commalike 394 (97.5) 8 (2.0) 2 (0.5) 0.31 0
Dotted 353 (87.4) 43 (10.6) 8 (2.0) 0.02 2
Hairpin 389 (96.3) 10 (2.5) 5 (1.2) 0.36 0
Branched 312 (77.2) 85 (21.0) 7 (1.7) 0.26 4
Linear irregular 337 (83.4) 53 (13.1) 14 (3.5) 0.32 2
Glomerular 397 (98.3) 6 (1.5) 1 (0.2) 0.23 0
Abbreviation: EVD, ex vivo
dermoscopy.
a All observations per characteristic
(all added scores by item by
4 observers) were subtyped as
concordant or discordant.
A significant difference between in
vivo dermoscopy and EVDwas
defined as a significant McNemar
test result in at least 2 observers
and preferentially in 3 or even
4 observers.
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colors and structureswere comparable between IVDandEVD
performed on freshly excised tissue. On the fresh tissue ex-
amined with EVD, they found loss of vessels, red, pink, and
vascularblush. In thepresent comparative study,EVDwasper-
formed on fixed biopsy specimens.
Loss of red was reported earlier by Scope et al.1 Red dis-
appears mainly by collapse of the vascular structures. How-
ever, red also transforms into brown by the fixation process
with formaldehyde. In the skin,melanin and hemoglobin are
themost important chromophores that selectively absorbdif-
ferent wavelengths. Owing to cross-linking on the molecular
level during the formalin fixation process, oxyhemoglobin
graduallyoxidizes intomethemoglobin.10Thespectrumof light
absorption hereby changes, and the red changes into brown.
In accordancewith these findings,most vessel structures
were no longer discernible on EVD or visible as light brown
straight, curved, or clothed lines (Figure 1). This change was
observedmainly for branchedvessels and linear irregular ves-
sels. The visualization of blood vessel remnants as these light
brown lines or clods seems to depend on the blood vessel di-
ameter; the larger the vessels, the greater chance that some
remnants will be observed on EVD images (eg, dotted, com-
malike, hairpinlike, and glomerular vessels aremore difficult
to recognizeonEVD images).However,with the shift tobrown
after fixation, smaller vessel structures are easily overlooked
andmistaken fordots, small crusts, or focal erosive areas. This
vessel color change may explain in part the observed shift in
general from light brown to dark brown with a gain of dark
brown in 72 of 404 observations (17.8%) and a loss of light
brown in 59 of 404 observations (14.6%).
Another factor that seems to influence the observation of
vessel structures with EVD is the fixation time. With shorter
fixationtimes, thechanceofobservingevensmallervessel rem-
nants on EVD increases. In insufficiently fixed biopsy speci-
mens, some vascular red can still be observed.
In contrast to the red that almost completely disappeared
on EVD, the blue and white were observed more frequently,
with an increase in 32.2% and 24.8% of the cases, respec-
tively (for BCC, 41.1%and33.1%, respectively). Blue andwhite
probably become visible or are accentuated by the loss of red
during the fixation process. Optical clearing of the tissue by
methylene glycol, the hydrated metabolite of formaldehyde,
during the fixationprocess,with reduced scattering of light in
collagenousskin tissue; therefore,deeperpenetrationmayalso
explain the appearance or accentuation of blue and white.11
Moreover, when this newly discernable blue or white on the
EVD image is traced with derm dotting,5 microscopic exami-
nationmay reveal important diagnostic areas, such as the foci
of invasion in a melanoma lesion that otherwise would be
diagnosed as a purely in situ lesion (Figure 2).
Figure 2. Example ofMelanoma
In vivo image Ex vivo image
0
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The lesion (Breslow thickness,
0.5 mm) was located on the
abdomen of a woman in her 60s.
A new blue area on the ex vivo
dermoscopic image disclosed the
only invasive area in this melanoma.
Figure 1. Example of Basal Cell Carcinoma (BCC)
In vivo image Ex vivo image
The nodular type BCCwas located on
the back of a man in his 40s. The
vessels were partly preserved on
ex vivo dermoscopy as light brown
curved and branched lines. The
ex vivo dermoscopic image showed a
newwhite crystalline structureless
area that created a sharper
delineation of the tumor compared
with the in vivo dermoscopic image.
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In addition to an increasednumber of cases inwhich blue
could be seen onEVD images, the blue present on IVD images
was also more prominent on EVD images. This phenomenon
was seen through accentuation or appearance of a blue veil
(Figure 3) and in lesionswith a significant presence of deeper
dermalmelaninpigment (Figure2).Especially inbluenevi, the
diagnostic steel blue color waswell preserved, and the image
was almost identical to the IVD image.
This gain in white and structureless areas with EVD was
accentuated inBCCs, forwhich 106of 124observations (85.5%)
showed a white structureless area. In this way, EVD revealed
the underlying fibrotic stromal reaction and demonstrated a
white structureless area in nearly one-third of the EVD im-
ages. Furthermore, the fixation process led to more frequent
presence and clearer visualization of crystalline structures in
21of 124observations (16.9%).This finding is typical in thecase
of dermatofibromas and BCCs. The ex vivo image of the der-
matofibromas with the stellar white center and crystalline
structures hereby becomes very diagnostic. In BCCs, crystal-
line structures were seen in 54.0% of the EVD images, an in-
crease of 16.1% comparedwith the IVD images. In some cases
of mainly superficial BCCs, these changes created a very dif-
ferent image with a zone of newwhite, crystalline structures
and sharperdemarcation (Figure 1). This change couldbevery
useful for proper orientation and evaluation of free margins
inBCCs.Other structural elements that can showvariation in-
clude crusts that tend to disappear onEVD images, especially
in BCCs. This tendency is probably owing to detachment of
these structures during the fixation and manipulation of the
biopsy specimen.
A limitationof this studywas theuseof 2different camera
systems (Canon vs Nikon) to obtain the IVD and EVD images.
In daily practice of IVD, however, different systems are used.
Althoughthisfindingmayhaveaccountedforsubtledifferences,
theobservershad theexperience that the reporteddifferences
between IVD and EVD could not be allocated to the different
camera systems.Asdescribed in the introduction, our conclu-
sions are in linewith the results of other reports. Although the
present studypointedout thebenefits of EVD for thediagnos-
tic process of dermatopathology, this studydid not assess the
implicationsof addingEVDto thepotentially improvedpatho-
logicdiagnostic accuracy.Future researchwill examine the im-
plications for the diagnostic process.
Conclusions
Ex vivo dermoscopy images are broadly similar to IVD
images but also have clear differences and the potential to
improve the pathologic diagnosis of skin tumors by provid-
ing direction to target tissue for processing and examina-
tion. Training in dermoscopy is required for the pathologist
and the technical staff. More research is needed to deter-
mine the exact effect of this new method on margin evalua-
tion and on the accuracy of diagnosis and appropriate
staging of melanoma.
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Figure 3. Example of Spitz Nevus
In vivo image Ex vivo image
The lesion was located on the right
upper arm of a girl in her teens.
A large new blue veil was seen on the
ex vivo image.
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NOTABLENOTES
The Softest Rock on Earth
Samantha Hsieh, BS; Eric L. Maranda, BS; Laura Cantekin, BS; Tarek Salih, BS; Austin Nguyen, BS; Joaquin Jimenez, MD
The name for talc, a sheer white mineral, is derived from the Greek
word talq, which means “pure.” It is the softest rock on earth. Talc
sculptures, vessels, and seals decorated with mythical creatures and
animals created by the Mohenjo-Daro and Harappo craftsmen have
been found that date back to over 5000 years ago. These craftsmen
usually heated their talc, generating a hard, luminous surface.1 Talc
was also used in exquisite Chinese carvings as well as Assyrian cylin-
drical signets and seals. The ancient Egyptians created scarabs and
amulets out of talc, which they commonly varnished with a blue,
glossy finish.2 In addition, talc sculptures from 1100 CE have been dis-
covered in Belur, Halebid and Sravanabelagola, India. In 1890, the
powdered form of talc—talcum powder—was found to relieve skin irri-
tations caused by Johnson & Johnson’s medicated plasters and was
soon used in many other plaster mixes. Johnson & Johnson also real-
ized that talc mitigated diaper rash, leading to the invention of
Johnson’s Baby Powder in 1894, which is still used today.1
We now know that talc, Mg3Si4O10(OH)2 or H2Mg3(SiO3)4, con-
sists of hydrated magnesium silicate,1 although some substitutions of
aluminum, iron, or manganese can occur.3 Talc is formed from soap-
stone, which is made of talc and other minerals, including mica,
quartz, and iron. Over time, the soapstone naturally transforms into
steatite and pure talc. Talc is nonporous, chemically inert, lamellar,
and does not stain or burn.1
Although talc deposits exist throughout the world, the talc mined
in each deposit has unique chemical and morphologic characteristics
that make it best suited for different domestic and industrial
applications.3 Talc is primarily used in the ceramic and paper indus-
tries, although 5% of all consumed talc is used in cosmetics.1 As a
result of weak van der Waals forces, talc’s crystalline sheets are able to
easily slide past one another, creating a lubricant that moisturizes skin.
These sheets are also very flexible yet durable, enabling talc to soften
and smoothen skin. Talc’s stratified sheets and its translucency allow it
to cover up blemishes with just a thin coat. Because talc can be found
as a solid, semisolid, or liquid matrix, talc is used in cosmetics that are
solid, like antiperspirants and lipsticks; semisolid, such as blushes and
eyeshadows; and liquid, like creams and lotions.3 Talc is also used in a
variety of products in other industries, including animal feed, electrical
insulation, asphalt roofing, paint, tiles, soap porcelain, pill coating,
plastic, rubber, putties, pencils, crayons, counter tops, tailor’s chalk,
chewing gum, and hard candy.1,3 Thus, talc is very versatile material
with both dermatological and nondermatological applications.
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